The Mesopotamian Marshlands previously constituted
Before the recently concluded war in Iraq, no close-up monitoring of conditions in the marshlands has been possible for the international scientific community. Nevertheless, independent organizations have raised international awareness since 1991 (Partow, 2001 , Nicholson & Clark, 2002 , Eden Again 2003 . After the end of major combat operation in the region in early May 2003, several reconnaissance surveys have been carried out and preliminary work has begun the long-term restoration of the marshlands.
The work currently being carried out includes modeling of flow regimes, ecological surveys and monitoring demonstration projects in various locations. Past and present marshlands conditions are described here along with an overview of the work currently being undertaken.
BACKGROUND
The former marshlands of southern Iraq existed at the confluence of its two great rivers, the Tigris and Euphrates. The southern and central portions of Iraq are extremely flat alluvial plains. The Euphrates falls only 4 cm/kilometer over the last 300 km, while the Tigris has a slope of 8 cm/km. As a result of the level terrain, both rivers deviate from a straight course, meandering in sinuous loops and eventually dividing into distributaries that disperse into a vast inland delta. This is particularly true of the Euphrates, whose velocity rapidly diminishes as it lacks tributaries along its lengthy course within Iraq. Immediately south of Nasiriyah, the Euphrates' main channel, under natural flow conditions, dissolved into the marshes, only to re-emerge shortly before its confluence with the Tigris at Qurnah. The Tigris, which is joined along its eastern flank by several tributaries from the Zagros Mountains, has a relatively stronger hydraulic head, enabling it to maintain a more stable course. Nevertheless, in its lower reaches around Amarah, the Tigris also rapidly begins to lose its velocity and flares out into multiple distributary channels that fed directly into the marshes.
Historically, the marshlands constituted a chain of marsh and lake complexes that flow into another (Maltby, 1994) . During periods of high floods, large tracts of the wetlands were submerged under water. Consequently, some of the formerly separate marsh units merged together during the wet season, forming larger wetland complexes. The wetlands themselves are made up of a mosaic of permanent and seasonal marshes, shallow and deep-water lakes, and mudflats that are regularly inundated during periods of elevated water levels. The highly graded ecotonal environment gave rise to an array of diverse habitats and environmental conditions (Figure 1 ).
GEOGRAPHIC SETTING
The core of the marshes centered in the area around the confluence of the Tigris and Euphrates. It is typically divided into the three major areas: the Hammar, south of the Euphrates; the Central Marshes between the twin rivers; and the Hawizeh Marshes east of the Tigris River. The following discussion of the nature and extent of the marshes is based upon conditions existing prior to 1990.
Hammar Marsh. The Hammar Marsh is situated south of the Euphrates, extending from near Nasiriyah in the west to the outskirts of Basra on the Shatt al-Arab in the east. To the south, a sand dune belt of the Southern Desert borders the marshes. The marsh area comprises 2,800 square kilometers of permanent marsh and lake, expanding to over 4,500 square kilometers during periods of seasonal and temporary inundation. Hammar Lake, which dominates the marsh, is the largest water body in the lower Euphrates. It is approximately 120 km long and 25 km wide. Maximum water depth in the lake ranges from 1.8 to 3 meters. The lake is oxygen-deprived and slightly brackish. During the summer, large parts of the shoreline dry out, and banks and islands emerge. These areas were used for agriculture. The Hammar Marsh is fed primarily by flooding from tributaries of the Euphrates River. A considerable amount of water from the Tigris River, overflowing from the Central Marsh, also nourishes the Hammar Marsh. Groundwater recharge is another source of replenishment.
Figure 1. Environments of the Mesopotamian Marshlands (from UNEP 2001)
Central Marsh. The Central Marsh is bounded by the Tigris River to the east and the Euphrates River to the south. The marshlands of the central marsh are roughly located between Nasiriyah, Maimona, Qalat Saleh and Qurnah, and cover an area of about 3,000 square kilometers. The marshes receive water influx mainly from Tigris distributaries branching southward from Amarah, including Shatt al-Muminah and Majar-al-Kabir.
The marsh complex is densely covered with tall reed beds, interspersed with several large open-water bodies. Al-Zikri and Hawr Umm Al-Binni are some of the notable permanent lakes located around the centre of these marshes, and are approximately 3 m deep.
Along the marsh's northern fringes, dense networks of distributary deltas are the sites of extensive rice cultivation.
Hawizeh Marsh. The Hawizeh Marsh lies to the east of the Tigris River, straddling the Iran-Iraq border. The Iranian section of the marshes is known as Hawr Al-Azim, where it is fed primarily by the Karkeh River. In Iraq, this marsh is largely fed by two main distributaries departing from the Tigris River near Amarah, known as alMusharah and Al-Zahla. During spring flooding, the Tigris may directly overflow into the marshes. Extending for about 80 km from north to south, and 30 km from east to west, the marshes cover an approximate area of 3,000 square kilometers. The northern and central parts of the marshes are permanent, but towards the southern sections they become increasingly seasonal in nature. The permanent marshes have moderately dense vegetation, alternating with open stretches of water. Large permanent lakes up to 6 m deep are found in the northern parts of the marshes.
DEMISE OF THE MARSHES
Regrettably, the marshes must be referred to in the past tense, as a result of the drying of the marshes that occurred during the 1990's. The demise of the marshes began during the Iraq-Iran war of 1997 to 1988, as a result of dykes, embankments, and drainage canals constructed by the two countries as they struggled to gain military advantage using water as a military tool. Following the military defeat of the Iraqi army in the 1991 Gulf War, the regime of Saddam Hussein set about constructing diversion canals that deprived the Central and Hammar Marshes of water, ostensibly to reclaim the area for agricultural purposes. The structures and embankments ( Figure 2 ) built are too numerous to list, save for the major canals which included Nahr al-E'z (Glory/Prosperity River), a 2 kilometer wide, shallow canal that intercepted the waters flowing to the central marsh from the Tigris; The Mother of Battles (MOB) canal that diverted the water of the Euphrates around the former Hammar Marsh lake; the Saddam River (Main Outfall Drain-MOD) that directed agricultural drainage water, collected from the central Euphrates area of Iraq, below the Euphrates and around Hammar Marsh, in a path parallel to that of the MOB; Loyalty to the Leader Canal (LTL), which collected the waters emanating from the terminus of the Gharraf River (one of the distributaries of the Tigris feed the Central Euphrates region of Iraq), in a path essentially parallel to that of the MOB and MOD.
The scale and speed of land cover changes in the marshes has resulted in effectively destroying over 90 percent of the ecosystem of one of the most important wetlands in the world in less than 10 years (UNEP 2001). The once-extensive marshlands no longer exist and only minor and fragmented parcels remain. These will die out as the ground water levels become lower as recharge levels become minimal since water is not being allowed to stand. Landsat images show salt crusts where extensive lakes used to exist in the Central and Hammar Marshes.
The desiccation of the marshes has resulted in the destruction of a 5,000-year old culture as the Marsh Arabs were forced to flee and become refugees in Iran, or became internally displaced. The impact of the desiccation on the wildlife and ecosystem of the area has been devastating, as it may have resulted in the disappearance in Iraq of several species that depended on the habitat of the marshes. Of these are the smooth-coated otter, bandicoot rat, African Darter and the sacred Ibis, Pygmy Cormorant and Goliath Heron. Further, migratory birds no longer have a way station that provides rest and re-charging of their energy as they migrate between Western Siberia to the Nile. Microclimatic conditions have also been reported adversely affected by the desiccation of the marshes. Moreover, the diverted water carries large amounts of silt and clay, creating turbidity that has adversely affected the fisheries and coral reefs of the Gulf area 
HYDROGRAPHIC CONDITIONS
In addition to the local drainage structures, Turkey, Iraq and Iran have constructed many dams on the headwaters of the Euphrates, Tigris and Karkeh Rivers, resulting in the reduction of the amount and quality of the water reaching southern Iraq. Accurate information on the flow quantities is not available as a result of the looting that occurred immediately after the war. However, records are being reconstructed from the scraps of data that have been salvaged, and based on these records it appears that the Euphrates flows have been dramatically reduced when compared to the historical record and the same is true for the Tigris, though to a lesser extent. Most importantly, when considering the issue of the restoration of the marshes, the annual peaks that formerly occurred in March through May, are no longer occurring in the Euphrates and have been dramatically reduced in the Tigris. The Tigris annual peaks are expected to be further reduced as more dams are planned in Iraq and Turkey. The ecology of the marshes evolved based on the annual flooding that flushed the salts accumulated in the water after the dry season. Annual evaporation rates have been estimated at 2,000 to 3,000 mm, while rainfall averages only 100 mm. Given the diminishing of the hydroperiod of the Tigris and the Euphrates, the question of replicating the annual hydroperiod looms large as restoration options are studied (Figure 3) 
Figure 3. Euphrates River Pre-and Post-Dam Construction Regime.
It is clear at this point that complete restoration of the Mesopotamian Marshlands is not possible, neither is it wholly desirable or fair. Complete restoration is not possible because there is not enough water of appropriate quality that can be equitably allocated to the marshlands without disrupting other valid priorities such as agricultural and municipal uses. Some areas, due to undesirable soil conditions (such as high salinity or toxic chemical concentrations) could not be restored even if enough water was available. Further, it is notable that portions of the drained marshlands have been productively converted to resource extraction (for example, petroleum production) or agriculture, or significant archaeological resources are present that would be disturbed by the flooding, creating a dynamic that must be considered in the process of analyzing restoration options.
THE SITUATION TODAY
The majority of the marshes remain dry and desiccated. Following the liberation of Iraq, Iraqis have restored flow to portions of the former marshes through the breaching of embankments and the disabling of pumping stations and control structures. This haphazard approach was wholly spontaneous, with the exception of Hawr Abu Zaraq. This marsh was re-flooded by the Ministry of Water Resources in late April 2003, as Iraq faced potential of flooding cities with the lack of control on upstream dams in the chaos following the fall of the former regime. The following paragraphs describe the events and conditions in the re-flooded areas.
Kurmet Ali. This marsh is located north of Basrah, at the tail end of the former Hammar Lake. The dykes between the former marsh and the Shatt Al-Arab were demolished by local marsh dwellers in late April 2003, and water has been flowing upstream due to tidal action of the Gulf waters forcing the waters of Shatt al-Arab back into the marsh (against the topographical gradient). Circulation of water within the inundated areas is not as good as other re-flooded areas, as it is restricted to the action of tides flushing water back and forth. However, the lateral extent of the inundated area has been progressively increasing and has now reached the Rumayllah Oil Fields embankments. Some local Iraqis have returned to their previous farmlands in the area (high lands at the tail end of the former marshes) and are planting palm trees and vegetables. The farmers have to periodically return to Basrah via Kurmet Ali to bring back potable water, as the salinity of the water is approximately 2,000 ppm (similar to that of Shatt al-Arab). Fishermen regularly ply the waters of Kurmet Ali and gain a sustainable income. The individual fish are small to medium-sized because the fishermen are using very fine mesh nets. These practices may be exhausting the natural resources of the area; however, the people are hungry and have no other way of feeding their families. This is a pervasive problem in the restored marshes that is not going to be easily resolved without a concerted effort to educate the locals about the need for sustainable harvesting practices. Further upstream (beyond the farm areas), there is little growth of reed beds and wetlands vegetation. Few birds have returned. This is probably due to the deep waters, which limit germination of seeds and restricts the new growth to the embankments where the water is shallow. Some of the local farmers have planted Phragmites seedlings to protect their embankments from erosion.
Al Owdeh. This marsh is located at the extreme northwestern corner of the former central marshes. This area was dried through active pumping of surface waters; the water had been carried to the so-called reclaimed agricultural areas. The area became inundated in May 2003, when the local inhabitants prevailed upon the local pump station operator to stop pumping water. Some of the embankments holding water within the irrigation ditches were removed to allow water to flood the area of the former marsh. Some 100 square kilometers of land has become inundated and the vegetation has responded very well to the inundation with reeds growing higher than 2 meters in as little as 4 months. The reeds are now dormant (winter). The types of plants growing are typical of the plants that normally grow in the Iraqi marshes. Fish are abundant and range in size up to 1 foot long. Some of the local fishermen were using electrical current to stun the fish. Again, these practices are going to severely test the ability of nature to cope with human demands. Hawr al Adel. This marsh is located north of Suq As-Shiyukh and Bani Said. This area has become flooded since April 2003. However, water circulation is restricted and the water depth is on the order of 2 meters at the tail end. Some of the houses that were constructed after desiccation of the marshes have become flooded as a result of the restricted outlet. Salinity of the water is also rising as a result of nonflow-through conditions.
THE WAY FORWARD
In June 2002, the Iraq Foundation assembled an international technical advisory panel (ITAP) to provide advice on the technical aspects of marshland restoration. The ITAP includes highly respected experts in wetlands restoration drawn from academia, U.S. government agencies, and international conservation groups, which met in February 2003 in a Restoration Planning Workshop.
The overall recommendation of the ITAP was that restoration efforts are technically feasible and worthwhile. Multiple benefits can be expected to occur from restoration of the marshlands on a local, regional and global scale, including: increased agricultural and fisheries production, poverty alleviation and economic rehabilitation, amelioration of climatic extremes; improvement of fish, wildlife, and endangered species habitat; water quality improvement; bioremediation of toxic materials; and opportunities for traditional cultural and economic uses of the marshes. The ITAP further recommended that restoration efforts should proceed in a stepwise and incremental fashion. Without a structured, deliberative approach, initiatives could be taken without a full appreciation or analysis of the "downstream" effects. The ITAP recommended simultaneous implementation of a three-track approach:
1) Rapid implementation of demonstration projects (for example, re-flooding of limited areas) to provide data on the response of the environment and ecosystem to re-hydration. These demonstration projects, if successful, could be expanded in subsequent years.
2) Comprehensive scientific surveys of the marshlands that can be used along with information gathered from the demonstration projects to develop a restoration strategy that is both scientifically valid and meets the needs and desires of the marsh dwellers and other stakeholders and the Iraqi government authorities. Development of this plan should involve a strong component of local scientific and indigenous knowledge along with the expertise of international scientists and the resources of international aid and conservation groups to ensure success.
3) Collaborative involvement and planning with stakeholders, including Marsh Dwellers, local landowners and other local economic uses such as agriculture and resource extraction, local, regional, and national government ministries, and regional and international interests. Restoration efforts should reflect the needs and desires of the local population while respecting the importance of the marshes to wider stakeholder interests such as regional water resource management and global biodiversity. Restoration will also require regional cooperation in order to be sustainable, so international support and cooperation for restoration should be built early in the planning process.
